Gastric cancer (GC) is the most common malignancy. The incidence rates remain remarkably high in East Asians. Although genome-wide association studies in the Han Chinese and Japanese populations have so far yielded susceptibility loci for GC, these findings need to be validated in an independent ethnic group. To identify the potential heterogeneity by histological classified subtypes (intestinal and diffuse), we examined the previously reported associations in the Korean population. PRKAA1 at 5p13.1 was found to be more strongly associated with intestinal type (odds ratio, OR ¼ 1.39, 95% CI (confidence interval) ¼ 1.22-1.58, P ¼ 3.77 Â 10 À7 ) than diffuse type. In addition, PSCA at 8q23.3 was significantly replicated in diffuse type (OR ¼ 1.49, 95% CI ¼ 1.32-1.67, P ¼ 2.43 Â 10 À11 ) but far less significant in intestinal type. In conclusion, these findings could bring additional insights into the etiologic heterogeneity in gastric carcinogenesis mechanisms.
Gastric cancer (GC) is the second leading cause of cancer-related death worldwide. GC consists of two pathological entities (intestinal and diffuse) by histotype-based prognostic classification. 1 Previous epidemiologic studies have highlighted remarkable geographical or ethnic variations in the age-standardized incidence rates, which is particularly high in East Asia. Korea has the highest incidence and mortality rates for GC in males, followed by Japan and China, respectively. 2 Gastric carcinogenesis is mainly caused by a combination of environmental risk factors, including Helicobacter pylori infection, dietary habits (high salt/nitrates intake), smoking, alcohol and precancerous conditions. 3 However, although genetic predisposition is known to have a role in the pathogenesis of GC, its exact mechanism still remains unclear.
Recently, a genome-wide association study (GWAS) of non-cardia GC in the Han Chinese population identified two novel loci at 5p13.1 and 3p13.31 without any observation in specific histological features or in an independent ethnic group. 4 In addition, a two-stage GWAS in the Japanese population demonstrated a significant association in PSCA highly related to diffuse type with functional implications in gastric epithelial cell proliferation. 5 As a useful tool for maximizing information from GWAS, allelespecific DNA methylation is also known to be a promising biomarker for GC risk screening, prediction and prognostication. 6 Different DNA methylation patterns occur by distinct pathways, according to the histological subtypes of gastric adenocarcinomas. 7 Considering heterogeneous pathogenesis by different subtypes, these findings herein need to be validated for intestinal-and diffuse-type GC in an independent ethnic population.
To clarify the genetic susceptibility to the intestinal-and diffusetype GC in the Korean population, we conducted a replication study for six previous genome-wide associations extracted from Affymetrix Genome-Wide Human SNP (single-nucleotide polymorphism) arrays 6.0 (Affymetrix, Santa Clara, CA, USA) with the intestinal type in 868 cases and 1604 gender-matched controls and the diffuse type in 890 cases and 2189 gender-matched controls from the Samsung Medical Center and the Korean Genome Epidemiology Study. This study was approved by the Institutional Review Board of the Korea National Institute of Health, and each participant provided written informed consent for participation. The basic characteristics of participants are described in Table 1 .
To determine etiological influence for novel loci associated with non-cardia GC as a predisposing factor in the Chinese population, we performed an association analysis under an additive model with adjustment for age and gender. The heterogeneous association results in intestinal-and diffuse-type sets are shown in Table 2 .
Compared with diffuse-type (odds ratio, OR ¼ 1.2, 95% CI (confidence interval) ¼ 1.07-1.34, P ¼ 1.34 Â 10 À3 ), rs1336107 in PRKAA1 at 5p13.1 was significantly associated with an increased risk of intestinaltype GC (OR ¼ 1.39, 95% CI ¼ 1.22-1.58, P ¼ 3.77 Â 10 À7 ). PRKAA1 encodes alpha 1 catalytic subunit of the 5 0 -AMP-activated protein kinase (AMPK), an important energy sensor protein kinase regulating cellular energy metabolism. In response to the stimuli of increased AMP/ATP ratio, AMPK activates catabolic pathways and inhibits ATP-consuming biosynthetic pathways through phosphorylation in cell growth and proliferation. AMPK has been implicated in endocrine-related cancers including gastrointestinal polyps and other epithelial malignancies. 8, 9 Therefore, we suggest that PRKAA1 variant (rs1336107) was identified as a susceptibility locus to intestinal-type gastric carcinogenesis in the Korean population.
However, other loci at 1q22 (rs4072037), 3q13.31 (rs9841504), 10q23 (rs2274223) and 20p13 (rs13042395), associated with risk of mixed types of GC, were not replicated with significant associations specific for two subtypes in the Korean population, which may be due to the difference in the distribution of risk allele frequencies. 10 These observations need to be further validated in a large-scale consortium of many ethnic groups, according to ethnicity, histological subtypes, tumor sites and source of controls.
To consolidate phenotype-specific effects, we further investigated the potential association between diffuse-type GC and an intronic SNP (rs2976392) in PSCA. The SNP rs2976392 in PSCA at 8q23.3 was consistently replicated in diffuse type (OR ¼ 1.49, 95% CI ¼ 1.32-1.67, P ¼ 2.43 Â 10 À11 ) but far less significant in intestinal-type (OR ¼ 1.2, 95% CI ¼ 1.06-1.36, P ¼ 5.25 Â 10 À5 ). Our lookup validation revealed specific genetic effects for diffuse-type GC in the same direction as reported in previous GWAS in the Japanese population. 5 In addition, a meta-analysis by clinicopathological classification found a significantly increased risk of PSCA rs2976392 in non-cardia or diffused type GC. 11 These results may provide supporting evidence of the shared genetic susceptibility to the histotype-specific feature and prognosis of GC among the Japanese, Chinese and Korean populations. PSCA, expressed in epithelial cell, encodes a glycosylphosphatidylinositol-anchored cell membrane glycoprotein. When considering the functional implications of PSCA in the cell proliferation inhibition and cell death induction, it is plausible that PSCA variants may functionally contribute to increased risk with diffuse-type GC in the carcinogenic process.
In this study, the recapitulation of the heterogeneity for previous associations might strengthen, understanding the etiological pathogenesis of different GC subtypes in East Asian populations. Considering the heterogeneous complexity of GC in genetic and etiological aspects, further molecular classification and geneenvironment association studies are required for defining the genetic architecture of gastric carcinogenesis. 
